The chemical compositions of the essential oils of Pituranthos chloranthus harvested at the vegetative, flower budding, flowering and fruiting stages from three distinct geographical areas of Tunisia were investigated using GC-FID and GC-MS. One hundred and fifty compounds were identified in which α-pinene, β-pinene, α-phellandrene, β-myrcene, β-phellandrene, pcymene, 8-methyldecanal, exo-2-hydroxycineole acetate and carvacrol could reach more than 10% of the total amount. However, this composition varied with respect to both the geographical area and the season. A clear discrimination of samples could be achieved by submitting the results to PLS discriminant analysis. p-Cymenene was only detected at the floral budding stage (February), whereas high amounts of exo-2-hydroxycineole and exo-2-hydroxycineole acetate were specific for the flowering period (April). Carvacrol was showed to be characteristic mainly of the fruiting period (August), whereas the vegetative state (November) could be distinguished from the others by the presence of αand β-pinene. Limonene, camphene, geraniol and β-damascenone were likely to be specific for the essential oils of this species collected from the different regions of Tunisia.
Pituranthos is the largest genus of the Apiaceae family and includes about 2500 species, which are spread throughout North Africa. These plants have been widely used in traditional medicine for various purposes. For example, P. scoparius is used as a remedy against rheumatism and against fever [1] , while P. chloranthus may be used against headaches [2] and as a natural disinfectant [3] . As a consequence, some species of Pituranthos, for example P. tortuosus, have been investigated for biological activity [4] . More recently, we showed that essential oils of P. chloranthus could notably protect against damage induced by radicals [5] . Particular biological activities of essential oils can be explained by their chemical composition. Dahia et al. [2] identified 54 volatile constituents in the essential oil of P. chloranthus harvested in Algeria at the flowering stage. However, the evolution of the composition of the essential oil of that species during its development cycle and possible variation due to its geographic origin were, to our knowledge, not studied. The chemical composition of an essential oil may be very different according to sampling sites [6] [7] [8] [9] or the season of collection [10] [11] [12] [13] . Thus, we report in this paper on the results obtained for the oil composition and variability of P. chloranthus at different stages of the plant phenology and from different sampling sites. For that purpose, three sites were chosen and the quantitative and qualitative analyses were performed respectively by GC-FID and GC-MS. Separations of compounds prior to detection by mass spectrometry were achieved using both apolar and polar stationary phases. MS detection was also carried out in the chemical ionization mode as this can give additional information on the structure of volatiles [14, 15] . Fractionation of samples on silica gel was also used to gather compounds of the same polarity. Different statistical analyses have been applied to characterize the chemical variability of essential oils [11, [16] [17] .
About 170 peaks could be observed in the GC-MS chromatograms of the 11 tested essential oils. Of these, 150 are presented in Table 1 , in the order of their elution from the BP-20 (polar) stationary phase. The 20 other compounds are not shown as they could not be identified and their amount did not reach 0.5% in any sample. Two compounds were unknown (32 and 133). However, part of their chemical structures can be given. Compound 32 was detected in the low polarity fractions using TLC (fractions 2 to 4 for a total of 7 fractions) and column chromatography (fractions 5 to 7 for a total of 16 fractions). A clear ion at m/z 135 [M+H + ] was recorded using CI, with acetonitrile. As a consequence, compound 32 is probably a monoterpenoid hydrocarbon (low polarity) with a molecular weight of 134. Component 133 was detected in the most polar fraction (fraction 7) by TLC and in a highly polar fraction in column chromatography (fractions 13 to 15 ). An intense ion at m/z=203 [M+H + -18] was recorded in the CI-MS; this signifies that the compound could be an oxygenated sesquiterpene with a hydroxyl group and a molecular weight of 220.
Six compounds (51, 68, 93, 100 and 116) were considered as "tentatively identified", as no retention indexes were found for them in the literature. However, the proposed identities (see Table 1 ) are in accordance with EI-MS/CI-MS data, with their presence in particular preparative fractions, and with their retention indexes. Compound 67 was recovered in column chromatography fractions containing only aldehydes (fractions 11 and 12). A molecular weight of 170 was found after observation of the CI-MS spectrum (m/z=171 base peak). In order to clearly identify this compound, 1 H and 13 C NMR analyses were carried out after preparative separation of a 1g essential oil sample (BEO3). Flash chromatography was used and, despite remaining traces of decanal (less than 10%), spectra were obtained that were identical to those of the enantiomeric (S)-8methyldecanal [18] . The MS was also in agreement with that obtained by Tajima et al. [19] .
For quantitative analyses, BP-20 was chosen instead of SPB-5 as the stationary phase notably because of the poor resolution obtained between limonene (22, RI SPB-5=1029) and β-phellandrene (24, RI SPB-5=1029). These two compounds are important markers of the essential oils and coelution should enable an approximation of their respective amounts to be made.
The total identified volatile composition of the 11 samples varied from 91.6% (MEO1) to 97.9% (GEO2).
Monoterpenes (hydrocarbons and oxygenated) were predominant for all seasons and for all geographic regions, with their relative proportion varying from 62.3% (BEO3) to 91.5% (BEO4). However, the ratio varied between samples collected during the same season or at the same site, although some tendencies were observed. High levels of monoterpene hydrocarbons were observed for all samples collected in February and November (between 52.7 and 78.9%). Consequently, low levels of oxygenated monoterpenes were obtained for the same periods (between 2.3 and 7.1%).
It should be noted that the total level of monoterpene hydrocarbons (excluding aromatic ones) was stable at around 70% for the Medenine station, whatever the season. However, the amount of these compounds in the Gabes and Benguerdane samples decreased noticeably in spring and summer. Sesquiterpene contents varied from 3.4% (BEO4) to 11.5% (GEO3). Of these, the proportion of hydrocarbons was less than that of the oxygenated compounds, except for one sample collected in April in Medenine for which a high amount of germacrene B (118, 4.2%) was recorded. The samples harvested in August from the three sites present rather high quantities of aldehydes (from 8.1% to 14%) and alcohols (from 2.3 to 5.4%). However, on the contrary, low concentrations of aldehydes were detected in samples collected in April. It should be noted that the content of aldehydes in the essential oils was essentially due to 8-methyldecanal (67) . Low amounts of acids, acetals and alkanes were observed.
A dozen components formed 5% of the composition of at least one of the 11 analyzed essential oils. For each site during the vegetative period (November), α-pinene (4) was the major compound, followed by β-pinene (13) and p-cymene (31). The total amount of these 3 compounds is about 50% in all the Changes in the Essential Oil Composition of P. Chloranthus Natural Product Communications Vol. 4 (11)2009 1587 samples. α-Pinene formed more than 19% of the composition for this period, whereas its proportion decreased to between 2.4 to 8.7% for the rest of the year. The β-pinene proportion was in general a little less than that of α-pinene and the ratio β-pinene/αpinene was between 0.7 to 0.9, except for the two Changes in the Essential Oil Composition of P. Chloranthus Natural Product Communications Vol. 4 (11)2009 1589 samples BEO3 (higher value) and GEO4 (lower value). The quantity of β-myrcene (18) was close to that of α-pinene except for samples harvested in November where the ratio β-myrcene/α-pinene was less that 0.4. (17), β-phellandrene (24), sabinene (14) and limonene (22) all reached 5% in the four samples harvested in Medenine station (MEO1, MEO2, MEO3 and MEO4). High amounts were also recorded for particular samples, like BEO1, BEO2 and BEO3 for α-phellandrene; BEO4 for sabinene; and BEO1 and GEO4 for β-phellandrene. The "unknown A" compound (32), which is also a monoterpene hydrocarbon peaked at 5.7% and 6.7% in two samples also collected in Medenine (MEO1 and MEO3). The amount of p-cymene (31), well known as a precursor of carvacrol and thymol [20] [21] , reached 6% in all samples. High levels of carvacrol (141) were found in only two samples, harvested during summer (fruiting period), whereas in the other samples, even in MEO3, which was collected at the same stage, the level was low. However, samples harvested in Medenine seem to be different from those collected at the stations of Gabes and Benguerdane. It should be noted that this preponderance of carvacrol is correlated with lower amounts of p-cymene. High contents of thymol may be found in many essential oils [22] , but only a trace was recorded in this study (137; maximum 0.2% in GEO3). The percentage of γ-terpinene (29) varied between 0.1 and 1.5%.
α-Phellandrene
The highest proportions of exo-2-hydroxycineole acetate (99) were detected during the flowering period (April). This compound represented about 12% of the total composition of samples BEO2 and GEO2, and 3% of MEO2. Exo-2-hydroxycineole has been recorded for the essential oil of basil [23] [24] , where it was only considered as a trace marker. The quantity of 8-methyldecanal (67) reached 10% in two samples, BEO3 and GEO3. A parallel can be made with carvacrol, which also culminated in these two samples. High values were also recorded for GEO4 (8.2%) and MEO3 (6.3%).
Dahia et al. studied the chemical composition of the essential oil of P. chloranthus collected at the flowering stage in April in southern Algeria [2] . They reported a quite different composition with notably high proportions of myristicin, which was not found in our essential oils. This could mean that it may be an important geographic marker. However, a comparison with our results confirms a common base of monoterpenoid hydrocarbons during the flowering stage of P. chloranthus. Indeed, compounds like αpinene (4), sabinene (14), β-pinene (13), αphellandrene (17), β-phellandrene (24) and limonene (22) were also predominant in our essential oils. Moreover, our results show a great variability according to the geographic origin and especially the season. Indeed, samples collected in Medenine seem to be very different, with high contents of monoterpene hydrocarbons. Moreover, various compounds are likely to be specific for growth stages. These two combined effects were investigated using a statistical analysis. When PLS-DA analysis was applied to the oil composition data, the plants from the three geographic areas can be grouped, as shown in Figure 1 . The model fitted has five PLS components explaining 67.7 % of the variation in the variables of composition (R 2 Xcum) and 99.5 % (R²Ycum) of the variation of Y block variables of the membership to the various classes. Using such a model, samples collected in the same place could clearly be discriminated.
The two-dimensional representation of the first and the second PLS component (Figure 2 ) explains 38.7 % of the variation of the composition variables. The components that are close to the dummy variables of class membership (DA1 for Benguerdane, DA2 for Gabes and DA3 for Medenine) are likely to be the most specific of them. Nonacosane (148) is supposed to be the most representative of the Benguerdane site. The two highest percentages (about 4%) of this compound were effectively found for samples BEO2 and BEO3 (see Table 1 ). Lowest proportions were recorded for other samples (less than 1.8%).
However, there was no other compound in the area close to the centre of that class. (120) and (E)-β-ionone (128) are presenting very low amounts (all less than 0.4%). In these, (E)-βdamascenone is the most particular because it was only detected in samples harvested in Gabes.
Camphene (9) , limonene (22) , β-phellandrene (24), γ-terpinene (29), unknown A compound (32), terpinolene (33) and naphthalene (104) seemed to be specific of the site of Medenine (DA3). The projections of limonene, β-phellandrene and camphene in the statistic model are located far from the centre of the two other classes. It means that high proportions of them are the most characterizing that site.
This model may also point out the fact that some components could be less present in one site. Indeed, projections which are far away from the centre of one class should prove that the corresponding compound is not specific. Osthole (150) is far from DA3 and its quantity is systematically the lowest for each season in the site of Medenine. For (Z)-β-ocimene (30), the lowest values were recorded in Gabes and its projection was thus located in opposition to the centre of that class (DA2).
A new model, where the classes of observations were grouped according to the four periods of collection was submitted to PLS-DA. The model contains six PLS components and explains 78.8 % of the variation of variables X of composition (R²Xcum) and explains 98.3 % of the membership to the various classes.
The two-dimensional representation of the first and the second PLS component allows to represent the groups of observations presenting similarities in oil composition and to determine the variables which enable discrimination between the seasonal periods. Figure 3 represents the projection of samples on the scores t1 and t2. The two components divide the samples into four groups according to the development stages during the annual phenological cycle of the plant.
PLS weight plot of composition variables on the first two components (Figure 4) is useful to point out the compounds that contribute strongly to the separation of classes. p-Cymenene (48) only reached 0.2% in the two samples harvested in February and was less than 0.1% at the other periods. Its corresponding projection was located at the centre of the class DA1. However, these low levels tend to demonstrate that no individual compound is responsible for the specificity of this season but rather the relative proportions of several minor compounds. It should be noted that this season is represented only by two samples and thus allows a less pertinent differentiation of samples for this season.
Considering Figure 4 , exo-2-hydroxycineole acetate (99) was the most indicative of the differences of the flowering period (DA2). It is related to exo-2hydroxycineole (117) and this could reflect a concomitant formation of these two components. Thymol methyl ether (71) and tetradecanal (126) were also specific for the samples collected in April, but their contribution to the global composition of the essential oils was very low (less than 0.3%) in all samples. The presence of 2-methyldecanol (116) in this model is noticeable as it is located very far from DA2. Detected in only traces in April, it could be considered as negatively correlated with that season. Similar positions were recorded for 8-methyldecanal (67), dodecanal (97), 2-methylnonanol (100) and the unknown compound B (133). (E,E)-Deca-2,4-dienal (114), carvacrol (141) and geranyl acetone (122) were placed close to the centre of the class DA3. They can be considered as potential markers of the fruiting period.
The centre of the class DA4 is isolated in our representation and surrounded by the projections of three compounds: α-pinene (4), β-pinene (13) and camphor (58). This confirms the previous observed tendency that a high ratio of monoterpenes is characteristic of the vegetative state, especially for some major compounds like αand β-pinene.
The chemical composition of the essential oils of P. chloranthus may be very different according to the harvesting sites and also according to the season. The vegetative state (November) of this plant collected in the south of Tunisia is characterized by high proportions of αand β-pinene. The floral budding period (February) could clearly be discriminated from the others using a PLS-DA statistical analysis; however, no compound seemed to be specific for that phenological state. The essential oils in that season presented rather important amounts of p-cymene and monoterpenoid hydrocarbons like β-myrcene, αand β-phellandrene. 
Essential oil extraction and sample preparation:
The leaves (100 g) were submitted to hydrodistillation for approximately 3h using a Clevengertype apparatus. The obtained oil was separated from water and dried over anhydrous sodium sulfate. The oil yields (%) were based on dry weight of plant samples and are given in a previous paper [5] . Essential oil (0.2 mL) was diluted to 2 mL with CH 2 Cl 2 and stored at -20°C prior to chemical analysis.
Gas chromatography-flame ionization detection:
Quantitative analysis was carried out on a Varian 3900 Gas Chromatograph with a FID detector, equipped with a 30 m x 0.32 mm i.d. polar BP-20 (SGE) fused silica capillary column coated with a 0.25 µm film of polyethyleneglycol. Samples (1 μL) were injected in split mode (100:1) and injector temperature was 240°C. The flow of the carrier gas (hydrogen) was fixed at 1mL/min and the oven program temperature: 35-240°C at a rate of 5°C/min; initial temperature 10 min hold and final temperature 10 min hold. Detector temperature was 250°C. Each peak was integrated and an area percentage was given. A retention index was calculated for each peak according to the Van Den Dool approach [26] using a mixture of the GEO3 sample and a standard of n-alkanes (C7 to C32). Gas Chromatograph coupled with a Varian Saturn 2000R operating either in electron impact mode or chemical ionization mode was also used to separate compounds on a polar BP-20 stationary phase (same dimensions and conditions as those given for the GC-FID). The extracts were injected with a 100:1 split ratio in the split/splitless injector of the 3800GC heated at 240°C. Helium was used as the carrier gas with a 1mL/min flow. One μL was injected and the transfer line temperature was 270°C. EI-MS conditions were as follows: ionization voltage, 70 eV; ion source temperature, 250°C; electron multiplier voltage, 1300 V; mass range, m/z 40-400; 1scan/sec. Acetonitrile was used in CI-MS mode, the mass range was from m/z 65 to 400 ; the other conditions were the same as for EI-MS mode. Retention indexes were calculated using the same mixture prepared for GC-FID.
Gas chromatography-mass spectrometry:

Identification of compounds:
Identification of volatiles was, at first, performed by comparison of the obtained EI-MS with those of the NIST 98 MS database and of a "homemade" database created with authentic compounds previously analyzed. The spectra were also compared with those of Adams [27] and of "The Pherobase web site" [28] . CI, which gives an abundant M+1 peak, was used to confirm suggestions of the databases according to molecular weights. Volatiles were considered as identified when their retention indexes corresponded with those found in the literature; the other compounds were only considered as "tentatively identified".
Changes in the Essential Oil Composition of P. Chloranthus Natural Product Communications Vol. 4 (11)2009 1593 P. chloranthus essential oil fractionation: One part of P. chloranthus essential oil was separated by preparative flash chromatography and the experiment was carried out twice with BE03 and GE03, respectively, as follows: about 100 mg of EO was loaded onto a glass column (40 cm length, 3.5 mm i.d.) packed with silica gel 60, 40-63 μm (120 g, from Fluka) equilibrated with n-pentane. The column was eluted successively with portions of n-pentane (100 mL), mixtures of n-pentane:CH 2 Cl 2 (99:1, 50 mL; 95:5, 100 mL; 85:15, 50 mL; 70:30, 50 mL; 50:50, 50 mL and 25:75, 50 mL, successively), CH 2 Cl 2 (150 mL) and finally a mixture of CH 2 Cl 2 :methanol (50:50, 200 mL). Fractions of 7 mL were collected and every one analyzed by TLC (Fluka Silica gel 60 F254, 0.2 mm thickness). Fractions were mixed, if identical, and the solvent was removed using a Kuderna-Danish distillation to produce 16 fractions, reduced to 200 μL and labeled from F1 to F16 in order of elution; these were individually analyzed by GC/MS (results are given in Table 1 ).
Another part of the essential oil (125 mg of sample BEO3) was fractionated by preparative TLC using a 20 x 20 cm TLC glass plate (silicagel 60, 0.25 mm thickness from Fluka), and development with n-pentane:CH 2 Cl 2 (99:1). After complete migration of the solvent and examination under an UV lamp, 7 fractions were identified, each of which was extracted with n-pentane:CH 2 Cl 2 (50:50, 5 mL), filtered, reduced by Kuderna-Danish distillation, and analyzed by GC/MS (results, labeled as fractions 1 to 7 in order of decreasing Rf, are given in Table 1 ).
Isolation of compound 67: BE03 sample (1 g) was fractionated by flash chromatography, as described above. After TLC analysis of each eluted fraction, the ones containing compound 67 were gathered and the solvent removed under reduced pressure prior to N 2 flux in a vial. The pale yellow residual oil (20 mg) on analysis by 1 H and 13 C NMR spectroscopy (recorded on a (400 MHz Bruker) was identified as 8-methyldecanal.
Statistical analyses:
The study of the similarity of samples on the basis of their composition was carried out using a PLS analysis with SIMCA-P software (UMETRICS) [29] . PLS-DA analysis was applied to the oil composition data with observations gathered either by their geographical areas or by their seasonal sampling. Variables were centered and scaled to "Unit Variance" (UV-scaling) before PLS-DA analysis.
